Introduction
This report (1) reviews some of the key findings from four research studies (see app. 1 for methodological details on each study), (2) highlights the practical consequences of adopting a theory-based approach to understanding wildland fire management in urbanized areas, and (3) presents strategies for successful firewise 1 programs.
Conceptual Foundation
Popular media commonly assert that values influence environmental attitudes and behaviors, but empirical evidence showing direct predictive validity is sparse (Stern 2000) . Social-psychological theories offer explanations for these disparities, suggesting that attitudes and beliefs mediate the relationships between values and behavior (Whittaker et al. 2006 ). These theories distinguish stable but abstract values (Homer and Kahle 1988, Rokeach 1973 ) from more specific cognitions (e.g., attitudes) that evaluate objects or situations encountered in daily life (Eagly and Chaiken 1993) . These cognitions are best understood as part of a "hierarchy" 
Concepts Measured

Beliefs and Value Orientations
The studies reviewed in this report developed and tested various measures important to understanding homeowners' actions in the face of risk from wildland fire. In particular, these studies focused on (1) value orientations (patterns of basic beliefs) toward natural processes, (2) attitudes toward wildland fire agencies and their policies, and (3) behavioral intentions to adopt defensible space activities or support agency policies/actions. Basic beliefs emerge from and give meaning to fundamental values. Our research (Absher et al. 2008; Bright et al. 2003 Bright et al. , 2005 has identified five basic belief dimensions related to perceptions of wildfire management. Table 1 illustrates the reliability of these dimensions across visitors to three national forests (ArapahoRoosevelt in Colorado; Mount Baker-Snoqualmie in Washington; and San Bernardino in California). Although not exhaustive, these basic beliefs represent key value-based dimensions that underlie public perceptions of wildfire management issues. Cronbach's alpha was used to gauge the internal consistency of survey responses associated with each concept. This coefficient ranges from 0 to 1 with alpha levels greater than 0.70 typically considered to be a reliable reflection of the concept. The first two dimensions replicate biocentric and anthropocentric basic belief dimensions identified in the literature (Vaske and Donnelly 1999) . A biocentric dimension reflects the extent to which the health and welfare of ecosystems and their components (e.g., habitat and wildlife) are of primary concern in natural resource and environmental management. An anthropocentric basic belief reflects the extent to which humans are of primary concern regarding natural resource management. The alpha coefficients for the biocentric scale ranged from 0.85 to 0.87 for the three study areas. The coefficients for the anthropocentric scale revealed a similar pattern of findings. The consistency of these findings for both scales provides an initial validation of the scales.
The next three dimensions trace directly to the work of Rokeach (1973) . As applied to wildfire management issues, the responsibility basic belief focuses on who is responsible for protecting homes built in or near the WUI and who is responsible for managing the risk of wildfire (e.g., private landowners, public agencies, both). The freedom basic belief dimension refers to the extent that private landowners should be free to or constrained from building private residences in or near the WUI where wildfire may occur. Finally, the trust basic belief dimension reflects the extent to which the public "trusts" the ability of public agencies to effectively manage wildfire. Across the different study areas, reliability coefficients for these dimensions were consistent and substantial (α = 0.72 to 0.83); the only exception was the alpha (α = 0.57) for responsibility reported by San Bernardino respondents. The results indicated that, in general, people had a moderately strong agreement with a biocentric view (means of 1.69 to 2.70) and a weak or negative stand toward anthropocentric positions (means of -2.45 to -1.37). Responsibility, freedom and SVS averaged near the middle of the scale suggesting that people were split across the spectrum of opinions (means of -0.99 to 0.86). The generalized trust items showed a moderately low average level of agreement (means of -1.47 to -0.87).
In addition to the general trust questions (table 2) , we also measured trust relative to (1) trust in the U.S. Forest Service management and (2) trust in U.S. Forest
Service information (table 3) . Questions associated with both concepts showed moderately strong levels of agreement across all items (means of 0.82 to 1.76) and strong
Cronbach's alphas (α = 0.76 and 0.93, respectively) when combined into indices. 
Linking Cognitive Measures to Behaviors
The cognitive hierarchy provides a theoretical foundation for connecting beliefs to more specific cognitions and behavior. 
Predicting Behavior
Past Behaviors and Support for Agency Actions
The effectiveness of an agency's wildfire communication strategies depends on public support (Absher and Bright 2004 , Bright et al. 2007 , Toman et al. 2008 ).
Combinations of underlying factors influence support for "agency policies" (e.g., prescribed fire, mechanical thinning) and "homeowner behaviors" (e.g., defensible space, firewise construction). Our approach identified three broad categories of predictor variables-sociodemographic, situational, and psychological (table 4) .
Sociodemographic variables such as age, sex, education, and income have been shown to be related to residents' perceptions of wildland fires and potential These classes of predictors, however, are not likely to contribute equally to homeowner mitigation behaviors or support for agency wildland fire policies. The cognitive hierarchy predicts that general sociodemographic variables (e.g., education, income) and general situational variables (e.g., location of home) will account for only a fraction of the variability in homeowner wildland fire mitigation strategies and support for agency policies. More specific psychological variables (e.g., beliefs about effectiveness, aesthetics of mitigation efforts) are predicted by theory to explain a relatively large amount of the variation. Table 4 supports these predictions. Sociodemographics had no statistical effect on personal defensible space or firewise construction behaviors and explained less than 6 percent of the variance in support for agency behaviors (mechanical thinning, prescribed burning). Situational variables explained 3 percent to 7 percent of the variability in personal behaviors and had no influence on agency behavior support. Psychological variables (e.g., familiarity, effectiveness, aesthetic impacts), however, consistently predicted both homeowner behavior and support for agency behaviors (R 2 range: 27 percent to 44 percent). Clearly it is very important to understand the role of psychological variables with respect to wildland fire actions.
Predicting Defensible Space Behavioral Intentions
Using a series of hierarchical regression models, we predicted residents' intention to do each of seven firewise actions based on whether they currently do the behavior, their beliefs about the effectiveness of the action, their situational characteristics (property attributes), and sociodemographics (respondent characteristics). Following the logic of the cognitive hierarchy, variables were entered into each model in the following order: (1) currently performs behaviors, (2) perceived effectiveness, (3) property attributes, and (4) respondent characteristics. For each possible firewise action, there were four models. Table 5 shows the change in explanatory power (R  2 ) and associated statistical probability (F-value, significance) for each model. The pattern of findings was consistent for each of the seven firewise action intentions. Currently do = respondent currently does the specific defensible space activity. Perceived effectiveness = respondent's belief about the specific defensible activity. Property characteristics = (1) distance from forested area, (2) With the other three sets of independent variables in the equations, none of the sociodemographic variables were significant (model 4).
Observations
Variables in each of the three classes of predictors can influence individual homeowner behavior and support for agency policies. Consistent with social psychological theory and the specificity principle, specific wildland fire beliefs and attitudes (i.e., psychological predictors) had more predictive power than either the general sociodemographic or general situational indicators. Engaging residents in doing some type of behavior, no matter how small, provides an important first step to broader adoption of firewise actions. These results point to the utility of knowing the social and psychological precursors of behavior in a community or area of concern. Finally, the relative influence of these predictors differs by specific type of homeowner behavior and agency policy. Sociodemographic variables had more influence in agencywide policy models, whereas the situational variables affected only homeowner behaviors.
Perceived familiarity, effectiveness, and aesthetic impacts (psychological variables) of the agency policies or homeowner behaviors had a strong and consistent influence. This suggests that greater support for agency policies and individual behaviors might be possible if the communication strategy enhances residents' knowledge or understanding of the rationale for them. Thus agencies could enhance compliance with firewise construction and defensible space strategies by paying attention to the psychological drivers and to the situational variables of homeowners such as proximity to the forest. Given the homeowners' costs associated with adopting firewise construction and the potential barriers that these pose to compliance, our results also suggest that residential land developers and the home construction industry could be an important target for communication efforts-especially if they will agree to incorporate firewise principles more often and to market such options to customers more aggressively. 
Encouraging Action
Encouraging the public to take action (e.g., creating defensible space) that can reduce the likelihood of wildfire damage in their communities and decrease the likelihood of injury is a common approach to increasing wildfire safety. One of our studies explored the multiple roles of source credibility in the elaboration and impact of messages about conducting firewise behaviors in the WUI. Our objectives were to examine:
• Whether credibility of the source of information impacts how much WUI residents carefully consider messages about firewise behaviors (especially differences among three agencies: USDA Forest Service, the Colorado State Forest Service, and local fire authorities).
• The extent to which message clarity mediates the credibility-elaboration relationship.
• The moderating effect of message elaboration on the relationship between source credibility and self-reported behavior change.
The conceptual foundation for this study was the elaboration likelihood model (ELM; Petty and Cacioppo 1986). The ELM examines the extent to which messagerelevant thinking, or elaboration, occurs about the information in a message.
Elaboration implies that a person (1) attends to a message; (2) processes the message in light of relevant associations, images, and experiences accessed from memory;
and (3) 
source factors such as credibility (Heesacker et al. 1983) , and (4) message factors such as the relevance of the issue described in a message and message clarity (Hafer et al. 1996) . For this study, we examined source credibility and message comprehension as they influence elaboration and attitude change.
Source credibility influences the motivation to elaborate on a message. Heesacker et al. (1983) , for example, found that message recipients were more motivated to elaborate on information when it was provided by an expert than a nonexpert. Similar findings were found by Manfredo and Bright (1991) Message clarity is also positively related to an individual's ability to elaborate on a message. For example, complex messages are often elaborated upon less because it takes more cognitive effort to understand them (Hafer et al. 1996) . For a person to consider information, they must understand it.
Firewise Message Effectiveness
For five of the seven firewise information topics (access, construction, water supply, trees and shrubs, and what to do when) examined in this study, there was no significant relationship between source credibility and message elaboration (regression 1) or message clarity (regression 2), and therefore no opportunity for mediation by message clarity to occur (table 7) . For the defensible space topic, source credibility was positively related to message elaboration (β = 0.273, p = 0.004) and message clarity (β = 0.174, p = 0.048). For the interior safety topic, source credibility was again positively related to both message elaboration (β = 0.206, p = 0.028) and message clarity (β = 0.189, p = 0.050). A regression was run for these topics to determine if message clarity mediated the significant relationship between source credibility and elaboration. For the defensible space topic, both source credibility (β = 0.229, p = 0.014) and message clarity (β = 0.256, p = 0.006) were significant predictors of message elaboration indicating no mediation occurred. For the interior safety topic, message clarity was a significant predictor of elaboration (β = 0.200, p = 0.024), whereas the relationship between source credibility and elaboration became nonsignificant (β = -0.012, p = 0.892) suggesting that message clarity fully mediated the source credibility/elaboration relationship. Message elaboration was also regressed on source credibility and message clarity for the other five topics. Message clarity was a significant predictor of message elaboration for access (β = 0.268, p = 0.005), construction (β = 0.309, p < 0.001), trees and shrubs (β = 250, p = 0.006), and what to do when (β = 0.264, p = 0.003). Message clarity did not significantly predict message elaboration for the topic of water supply.
The level of message elaboration moderated the effects of source credibility on behavior change for five of the seven firewise topics. The relationship between source credibility and behavior change was statistically significant for the high-elaboration group yet not significant for the low-elaboration group, suggesting moderation. This occurred for the topics of defensible space (r = 0.332, p = 0.003 vs. r = -0.041, p = 0.826), water supply (r = 0.226, p = 0.031 vs. r = -0.067, p = 0.682), interior safety (r = 0.220, p = 0.050 vs. r = 0.184, p = 0.431), trees and shrubs (r = 0.338, p = 0.003 vs. r = 0.180, p = 0.235), and what to do when (r = 0.360, p = 0.002 vs. r = 0.127, p = 0.594). There were no significant correlations between source credibility and behavior change by elaboration group for either the access or construction topics. 
Compliance with Firewise Recommendations
Respondents were asked to report their compliance with a sample of 26 key recommendations contained in the seven firewise flyers. On average, 53 percent of respondents said that the suggested actions were "already done" on their property.
For these questions, respondents were also presented with a "does not apply" option. The proportion choosing this option ranged from 5 percent for "what to do when" actions to 33 percent for water supply actions (16 percent across all topics).
These individuals were retained when calculating rates of compliance because some respondents also reported obstacles for some actions, and it is unclear exactly what was meant by "does not apply" in the context of each recommended action. Overall compliance was lowest for "what to do when actions" (34 percent) and highest for access actions (71 percent). Responses to specific actions differed widely from only 2 percent in compliance with the recommendation to have a residential sprinkler system in the home to 92 percent in compliance with the recommendation to have a roof that is constructed of fire-resistant materials (e.g., asphalt shingles, metal).
Reported compliance percentages for each topic and action are listed in the topicspecific tables in appendix 2.
Prevalence of Obstacles to Implementation of Firewise Recommendations
Respondents reported obstacles across all topics and actions presented in the firewise information flyers. In total, 48 percent of respondents that reviewed firewise information wrote an obstacle statement for at least one of the recommended actions. Content analysis of the open-ended comments revealed 486 total obstacle statements. The most frequently mentioned obstacles to firewise implementation were cost of carrying out actions and disagreement with the utility of actions. These obstacles were reported 125 and 47 times, respectively (table 8). The cost obstacle was also mentioned by the largest percentage of respondents (21 percent).
Obstacles by Topic/Actions
Although many of the obstacles in table 8 appeared across several firewise topics, their prevalence and context varied widely by the specific actions for which they were reported. Tables 9 through 15 in appendix 2 display summary statistics and action-specific details on compliance and reported obstacles for each firewise topic.
The following section describes how obstacles were related to individual topics/ actions and provides examples of specific comments made by respondents. 
Access-
Actions suggested in the flyer dealt with making a home accessible for firefighters by having a driveway that is large enough, level, and clearly marked. The access flyer had the highest overall reported compliance (71 percent) and the smallest percentage of respondents reporting obstacles (17 percent) (table 9). Several respondents reported that issues with the amount of available space and the terrain on their property would make enlarging or reducing the grade of their driveway impossible.
Examples include remarks such as "probably not enough room," "very rocky area,"
and "would require dynamite."
Water supply-
On average, 22 percent of respondents reported obstacles to implementing suggested water supply actions (table 10 ). The flyer recommends that residents maintain a minimum emergency water supply of 2,500 gallons and that this supply be easily seen and accessed by firefighters. Residents reporting obstacles suggested that the lack of availability of a large amount of water on their property and the high costs would prevent them from maintaining a 2,500-gallon supply. Specific comments included "Don't know if we could afford the generator," and "No access to such a supply."
Defensible space-
Only a few respondents reported obstacles to implementing actions related to keeping roof and gutters free of pine needles, debris, and overhanging limbs (2 to 4 percent) (table 11) . More respondents reported obstacles to recommendations for extending the defensible space to 70 feet from a home and pruning all trees in this zone to at least 10 feet (30 percent and 14 percent, respectively). The perceived aesthetic impact of following these recommendations was the most common concern. Responses included "If I followed all the rules I might as well have a fire.
The biggest tragedy a fire would have is the effect on my trees-not the house," and "When do I get a 'grant' for a Husqvarna chain saw?"
Trees and shrubs-
About one-third of respondents reported an obstacle for at least one of the recommendations for trees and shrubs (table 12) 
Construction and design-
Ten percent or fewer respondents reported obstacles to each individual suggestion for firewise construction and design (table 13) . Recommendations related to using fire-resistant materials for windows, decks, vents, and the roof caused some respondents to make statements emphasizing the expense of materials, labor, etc.
For example, one respondent characterized the obstacle as "a matter of economic deprivation," and another repeated that "this all costs money."
Interior safety-
Fewer than 5 percent of respondents reported obstacles to maintaining smoke detectors and fire extinguishers (table 14) . Two actions suggested in this flyer drew concerns from many respondents. Installing a residential sprinkler system and drawing a floor plan to aid in evacuation were perceived, respectively, as too expensive and unnecessary. These two concerns resulted in the most obstacle comments for any of the individual actions (44 and 25, respectively). Responses included statements such as "cost of the system," "too expensive to do in a completed house," and "reviewing an escape plan is more effective than looking at it on a floor plan."
What to do when-
Fewer than 3 percent of respondents reported obstacles to having an escape plan, and knowing proper safety precautions during and after a specific wildfire event (table 15) . The recommendation to have fire resistant materials to cover all windows in case of wildfire drew different comments suggesting several salient obstacles.
The most prevalent among these were lack of storage space for the materials, cost of materials, and the amount/difficulty of work this action wound entail. Remarks included "lack of storage space," "labor available to do it," and "difficulty in covering windows 10 to 20 feet above ground level."
Conclusions
Our results suggest a broader set of recommendations not strictly tested in our more limited individual studies and models. These deserve further study and discussion.
The communication aspects of firewise programs are influenced by program goals, the effectiveness of message delivery, and audience characteristics, especially homeowners' orientations and attitudes toward fire risk and the agency involved in prevention and suppression. We suggest that agency attempts to change residents' responses to wildland fire threat can be enhanced by:
1. Knowing the community-Not all homeowners associations, neighborhoods, or communities share the same beliefs and attitudes regarding firewise behaviors. Understanding the differences in cognitive processes and psychological predictors will facilitate the design of effective communication strategies.
2. Build trust, don't just rely on it-Social trust in an agency can influence support for policies. Agencies, however, should not assume that the public trusts or even understands their decisions regarding wildfire management.
Most work to date has been on the measurement and definition of trust.
More attention needs to be placed on the practical effects of trust and how to maintain it. Efforts to build agency trust in a community will facilitate policy support and firewise compliance. emulate their actions. Our results suggest there are limits to an overly simplistic approach and attention to the differences between communities may be equally important.
4. Engage, then persuade-Develop a strategy to get homeowners to do something, as this seems to get the "biggest bang for the buck." Once they have started to do firewise actions, the likelihood is that other actions and attitude changes are likely to follow. Full compliance with all firewise actions is not likely given the costs and time involved, but getting homeowners to do some firewise action each year establishes the pattern of behavior and engenders support for the program in general.
Appendix 1: Description of Studies
Study 1 Data for this study were obtained from a mail survey sent to individuals who had visited Arapaho-Roosevelt National Forest (Colorado), Mount Baker-Snoqualmie National Forest (Washington), and the San Bernardino National Forest (California).
These three forests were chosen because of their close proximity to an urban setting (Denver, Seattle, and Los Angeles, respectively).
The study population consisted of individuals over the age of 18 who visited one of the three forests. A random sample of forest user names and mailing addresses from each of the three forests was collected from an onsite survey conducted in the summer of 2001. For the three forests combined, 3,131 interviews were completed onsite; 2,706 usable names and addresses were received for the followup mail survey.
Mail survey administration-
An initial version of the mail survey was pretested using a sample (n = 200) of As a check on potential nonresponse bias, onsite survey information was compared for those who returned the mail survey versus those who did not. For all the variables on the onsite survey (the dependent variables), the Hedge's g effect sizes were < 0.2, indicating only a "minimal" relationship (Vaske 2008). Nonresponse bias was thus not considered to be a problem and the data were not weighted.
Study 2
The population for this study consisted of landowners over the age of 18 who reside As a check on potential nonresponse bias, a telephone survey was conducted of nonresponse residences (n = 100). Selected key issues (perceived effectiveness, approval, and aesthetic impacts of prescribed burning and mechanical thinning)
were addressed in the telephone survey. Differences between respondents and nonrespondents on these central topics were "minimal" (Hedges' g effect sizes < 0.2) (Vaske 2008). Thus, nonresponse bias was not considered to be a problem and the data were not weighted.
Study 3
Data for this experiment were obtained from a mail survey. An introductory postcard, two full questionnaire mailings, and a reminder postcard were sent out during June and July, 2005. The study area included seven counties in northern Colorado (Jackson, Grand, Gilpin, Clear Creek, Larimer, Boulder, Jefferson) . Residences in Jackson, Grand, Gilpin, and Clear Creek Counties were considered to be entirely within the WUI. In Larimer, Boulder, and Jefferson Counties, only selected areas (e.g., mountain foothills communities) were included in the sampling frame. Using these geographical boundaries, a random sample of 1,200 residences was purchased from a commercial sampling firm.
Mail survey administration-
Of the 1,200 surveys mailed to households, 149 were undeliverable. From the remaining 1,051 households, 402 usable surveys were received for an overall response rate of 38 percent. Shortened nonresponse surveys were sent to a random sample of 250 residences who had not returned the original survey for the purpose of comparing respondents with nonrespondents. Of the 250 nonresponse surveys mailed out, 71 were returned for use in the nonresponse analysis. No significant differences were found between the respondent and nonrespondent surveys and thus, the data were not weighted.
Experimental design-
Prior to mailing the questionnaire, households were randomly placed into one of three groups. Each group was told that the information was from one of the fol- 
Variables measured-
The questionnaire included measures of source credibility, message clarity, message elaboration, and behavior change. Respondents rated the credibility/trust of one information source, which was provided randomly from three potential sources as above. Credibility was measured as an index of four 7-point items. Message clarity was addressed by asking respondent to evaluate how difficult the information provided was to understand. Responses were coded on a 5-point scale. For message elaboration, respondents were asked how carefully they had read the information provided them (5-point scale). Finally, respondents were asked, on a 5-point scale, how likely it was that the information would change their behavior regarding specific firewise actions. a Percentage in compliance represents the number of respondents reporting that the action was "already done" on their property as a proportion of the total that responded to the "Water Supply" questions. b Some respondents reported obstacles for more than one action, thus this percentage is not a sum of the percentage reporting obstacles for each of the individual actions. c This is the total number of obstacles reported for all of the "Water Supply" actions. Only the most common obstacles for each action are reported in the right-hand column above, thus they do not sum to this total. a Percentage in compliance represents the number of respondents reporting that the action was "already done" on their property as a proportion of the total that responded to the "Defensible Space" questions. b Some respondents reported obstacles for more than one action, thus this percentage is not a sum of the percentage reporting obstacles for each of the individual actions. c This is the total number of obstacles reported for all of the "Defensible Space" actions. Only the most common obstacles for each action are reported in the right-hand column above, thus they do not sum to this total. a Percentage in compliance represents the number of respondents reporting that the action was "already done" on their property as a proportion of the total that responded to the "Trees and Shrubs" questions. b Some respondents reported obstacles for more than one action, thus this percentage is not a sum of the percentage reporting obstacles for each of the individual actions. c This is the total number of obstacles reported for all of the "Trees and Shrubs" actions. Only the most common obstacles for each action are reported in the right-hand column above, thus they do not sum to this total. a Percentage in compliance represents the number of respondents reporting that the action was "already done" on their property as a proportion of the total that responded to the "Construction and Design" questions. b Some respondents reported obstacles for more than one action, thus this percentage is not a sum of the percentage reporting obstacles for each of the individual actions. c This is the total number of obstacles reported for all of the "Construction and Design" actions. Only the most common obstacles for each action are reported in the right-hand column above, thus they do not sum to this total. a Percentage in compliance represents the number of respondents reporting that the action was "already done" on their property as a proportion of the total that responded to the "Interior Safety" questions. b Some respondents reported obstacles for more than one action, thus this percentage is not a sum of the percentage reporting obstacles for each of the individual actions. c This is the total number of obstacles reported for all of the "Interior Safety" actions. Only the most common obstacles for each action are reported in the right-hand column above, thus they do not sum to this total. a Percentage in compliance represents the number of respondents reporting that the action was "already done" on their property as a proportion of the total that responded to the "What to Do When" questions. b Some respondents reported obstacles for more than one action, thus this percentage is not a sum of the percentage reporting obstacles for each of the individual actions. c This is the total number of obstacles reported for all of the "What to Do When" actions. Only the most common obstacles for each action are reported in the right-hand column above, thus they do not sum to this total.
